Results from phylogenetic analysis of nuclear rDNA internal transcribed spacer (ITS) sequences from a worldwide sample of Sanicula indicate that Hawaiian sanicles (Sanicula sect. Sandwicenses) constitute a monophyletic group that descended from a western North American ancestor in Sanicula sect. Sanicoria, a paraphyletic assemblage of mostly Californian species. A monophyletic group comprising representatives of all 15 species of S. sect. Sanicoria and the three sampled species of S. sect. Sandwicenses was resolved in all maximally parsimonious trees, rooted with sequences from species of Astrantia and Eryngium. All sequences sampled from eastern North American, European, and Asian species of Sanicula fell outside the ITS clade comprising S. sect. Sanicoria and S. sect. Sandwicenses. A lineage comprising the Hawaiian taxa and three species endemic to coastal or nearcoastal habitats in western North America (Sanicula arctopoides, Sanicula arguta, and Sanicula laciniata) is diagnosed by nucleotide substitutions and a 24-bp deletion in ITS2. The hooked fruits in Sanicula lead us to conclude that the ancestor of Hawaiian sanicles arrived from North America by external bird dispersal; similar transport has been hypothesized for the North American tarweed ancestor of the Hawaiian silversword alliance (Asteraceae). Two additional long-distance dispersal events involving members of S. sect. Sanicoria can be concluded from the ITS phylogeny: dispersal of Sanicula crassicaulis and Sanicula graveolens from western North America to southern South America.
The volcanic history, extreme geographic isolation, and disharmonic biota of the Hawaiian archipelago demonstrate that terrestrial life in the islands must have arrived by long-distance dispersal (1) . Among plants, the approximately 966 species of indigenous Hawaiian angiosperms (89% endemic) have been estimated to stem from 272 to 282 natural introductions to the islands (2) . On the basis of comparative floristics, Fosberg (3) hypothesized that most natural introductions of Hawaiian flowering plants were from southeast Asian source areas. Directionality of prevailing air currents, occurrence of intermediary ''stepping-stone'' islands, and climatic similarities between the Hawaiian archipelago and tropical areas to the west and southwest of the islands accord with Fosberg's estimate.
A minority (about 18%) of ancestral Hawaiian plant colonists are thought to have dispersed from the Americas (3), despite unfavorable prevailing winds and water currents. Plant dispersal across the unbroken 3,900-km oceanic barrier between temperate western North America and the Hawaiian Islands appears to have been exceedingly rare. Molecular phylogenetic evidence of a California tarweed (Madia͞ Raillardiopsis) ancestry of the Hawaiian silversword alliance (Argyroxiphium, Dubautia, Wilkesia) provides one unequivocal example of such dispersal in the sunflower family (4) (5) (6) . In this paper, we provide phylogenetic evidence from nuclear ribosomal DNA internal transcribed spacer (ITS) sequences for another example of angiosperm dispersal from the Pacific coast of temperate western North America to the Hawaiian Islands involving Sanicula (Apiaceae). In addition, we show evidence for two amphitropical dispersals of sanicles from temperate western North America to southern South America.
MATERIALS AND METHODS
We examined DNAs from one to six populations of 23 species representing all 15 taxa in the western American Sanicula sect. Sanicoria, three of four species in the Hawaiian Sanicula sect. Sandwicenses (Sanicula kauaiensis may be extinct), two of six species from the Asian Sanicula sect. Pseudopetagnia, and three of 13 species from the cosmopolitan Sanicula sect. Sanicla (for taxonomy of Sanicula see refs. 7-10). The only section not examined was the Asian Sanicula sect. Tuberculatae, comprising three species (unavailable to us) regarded by Shan and Constance (7) as having ''diverged least from the assumed progenitors . . . of the genus.'' Sampling encompassed the main continental distribution of the genus (Asia, Europe, North America, and South America) and included a Malaysian sample of the only species known from Africa. Populations were sampled widely across the distribution of species represented by multiple DNAs (Table 1) . Three species outside Sanicula in subfamily Saniculoideae (Astrantia major, Eryngium cervantesii, and Eryngium mexicanum) were chosen as outgroups based on morphological and molecular evidence of close relationship to the ingroup (see ref. 11).
Total DNAs were extracted from pooled fresh leaf tissue of 5-10 individuals per population or from dried leaf fragments of herbarium specimens by using a modification of the hexadecyltrimethylammonium bromide (CTAB) method in Doyle and Doyle (12) , with two ethanol precipitations. The 18S-26S nuclear rDNA ITS region (ITS1, 5.8S subunit, and ITS2) was PCR-amplified by using c28kj (5Ј-TTGGACGGAATTTAC-CGCCCG-3Ј, designed by K. W. Cullings, San Francisco State University) and LEU1 (5Ј-GTCCACTGAACCTTATCATT-TAG-3Ј, designed by L. E. Urbatsch, Louisiana State University) for most samples. The internal primers ITS2, ITS3, ITS4, and ITS5 (13) were used for sequencing reactions and for PCR The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked ''advertisement'' in accordance with 18 U.S.C. §1734 solely to indicate this fact.
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Abbreviations: ITS, internal transcribed spacer of 18S-26S nuclear ribosomal DNA; Ma, million years ago. Data deposition: The sequences reported in this paper have been deposited in the GenBank database (accession nos. AF031960-AF032016 Complete sequences of both strands of each PCR product were processed, aligned, and visually checked by using PerkinElmer sequence analysis and sequence navigator software. ITS sequences of all samples were aligned unambiguously into a sequence matrix by visual inspection. Phylogenetic analysis of the data matrix was conducted by using Fitch parsimony (using test version 4 .0d55 of PAUP*, written by D. L. Swofford, Smithsonian Institution), with equal weighting of all An initial heuristic search and a bootstrap analysis (using ''fast'' stepwise addition, in PAUP*) were performed including sequences of all 54 samples listed in Table 1 . To improve search capability, monophyletic groups of conspecific ITS sequences resolved in the initial search (most of which were resolved in Ͼ90% of the 1,000 bootstrap replicates) were compartmentalized (14) into single archetype sequences (except for Sanicula crassicaulis and Sanicula graveolens-compartmentalization was carried as far as possible in each of the two species without merging North American and South American samples) by using MACCLADE version 3.01 (15) to reconstruct ancestral states. If equivocal, ancestral states were coded as polymorphic by using International Union of Pure and Applied Chemistry ambiguity symbols (a net reduction in ambiguously coded states resulted from compartmentalization). The resulting 31 sequences were used exclusively in subsequent searches and analyses of clade reliability.
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Reliability of lineages was assessed by using bootstrap (100 resamplings of the data) and decay-index analyses using a heuristic search strategy with closest addition sequence of the taxa, mulpars, and TBR branch swapping with steepest descent implemented. Historical biogeographic patterns were examined on the maximally parsimonious trees by using the character evolution reconstruction function of MACCLADE (15) .
RESULTS AND DISCUSSION
ITS Sequence Variation. Alignment of the 31 sequences studied in detail generated a matrix of 628 characters, 136 of which are potentially informative for parsimony analysis (63 of 226 characters in ITS1, 3 of 163 characters in 5.8S subunit, and 70 of 239 characters in ITS2; see Table 1 ). Inferred indels were recoded as 14 additional informative characters (5 in ITS1 and 9 in ITS2; see Table 1 ). No evidence of divergent paralogous ribosomal DNA copy types was found in any of the species studied.
Phylogenetic Resolution. The pattern of diversification resolved in all maximally parsimonious trees indicates that the western American and Hawaiian species of S. sect. Sanicoria and S. sect. Sandwicenses constitute a monophyletic group comprising three well-supported lineages (Fig. 1) . Based on the ITS trees, the Hawaiian species form a monophyletic group with three species from the Pacific Coast of North America: Sanicula arctopoides, Sanicula arguta, and Sanicula laciniata. The lineage comprising the Hawaiian taxa and the three western North American species, although weakly supported by nucleotide substitution data, is well-diagnosed by a 24-bp ITS2 deletion (see Fig. 1 ). The semistrict consensus of minimum-length trees reconstructed from analysis of the entire data matrix (including recoded indels) is entirely congruent with, but less resolved than, the consensus tree shown in Fig.  1 .
Each taxon represented by multiple populations was resolved as monophyletic in the initial parsimony analysis except S. graveolens, one sample of which formed a polytomy with four other lineages in the semistrict consensus tree: Sanicula saxatilis, Sanicula tracyi, Sanicula tuberosa, and other populations of S. graveolens. South American samples of the only species in S. sect. Sanicoria that occur outside western North America, S. crassicaulis and S. graveolens, were placed within lineages also containing Californian populations of the two taxa (Fig. 1) .
Biogeographic Implications. The Hawaiian S. sect. Sandwicenses and South American populations of S. sect. Sanicoria are highly nested within a lineage of species that are mostly confined to the California Floristic Province (Fig. 1) . In S. sect. Sanicoria, only Sanicula deserticola, of Baja California, is not found within the California Floristic Province (16) . Historical biogeographic reconstructions based on the maximally parsimonious trees provide support for three long-distance dispersal events from western North America: one to the Hawaiian archipelago and two (S. crassicaulis and S. graveolens) to southern South America.
Origin of the Hawaiian lineage must have involved a singlestep dispersal event of intercontinental magnitude. Oceanfloor spreading along the mid-Atlantic ridge has placed North America and the Hawaiian Islands closer to each other at present (at about 3,900 km) than at any time in the past (17) (18) (19) . Furthermore, no geological evidence exists for nowextinct islands that could have served as ''stepping-stones'' for dispersal from North America to the Hawaiian archipelago. Dispersal of Sanicula to the Hawaiian Islands and South America was likely bird-mediated (see ref. 22 ). All members of the sublineage to which the Hawaiian species and South American S. crassicaulis belong (also including S. arctopoides, S. arguta, Sanicula bipinnata, and S. laciniata) possess fruits covered with hooked prickles (7) . S. graveolens also bears fruits with hooked prickles that may have promoted external bird dispersal to South America (23) . Within the sublineage that includes S. saxatilis, S. tracyi, and S. tuberosa, only S. graveolens possesses prickly fruits and has a distribution that extends beyond the California Floristic Province (7, 23, 24) . Regular sightings of North American migratory birds and ''accidentals'' in the Hawaiian Islands (25) and regular migration of various species of Charadriiformes (shore birds) between California and Chile͞Argentina (26) illustrate the potential for longdistance dispersal of the type inferred herein. Establishment of S. crassicaulis in South America would have been promoted by its strong propensity for selfing, unlike other studied species in S. sect. Sanicoria (8) . Numerous other examples of apparently conspecific or closely related angiosperms and ferns show a similar disjunct pattern between temperate regions of western North America and southern South America (21 Table 1 . Numbers in parentheses indicate the number of populations sampled. Numbers above tree branches are bootstrap (standard type) and decay (boldface type) values from analyses of the data matrix (Table 1) with recoded indel characters excluded. Numbers below tree branches are bootstrap (standard type) and decay (boldface type) values from analyses of the data matrix (Table  1) including the recoded indel characters. Only bootstrap values above 50% are shown. A., Astrantia; E., Eryngium; S., Sanicula. (ss50) indicates the only branch not resolved in the strict consensus of minimum-length trees; the branch was resolved in 50% of the minimum-length trees and in the semistrict consensus tree. 
